The aim of this article was to compare 2 portable devices (a heart-rate monitor and an electromagnetic-coil system) that evaluate 2 different physiological parameters-heart rate (HR) and ventilation (V E )-with the objective of estimating energy expenditure (EE). The authors set out to prove that V E is a more pertinent setting than HR to estimate EE during light to moderate activities (sitting and standing at rest and walking at 4, 5, and 6 km/hr). Eleven healthy men were recruited to take part in this study (27.6 ± 5.4 yr, 73.7 ± 9.7 kg). The authors determined the relationships between HR and EE and between V E and EE during light to moderate activities. (for standing at rest and walking at 5 and 6 km/hr). These results showed that the electromagnetic-coil system seems to be more accurate than the HR monitor to estimate EE at rest and during exercise. Taking into consideration these results, it would be interesting to associate the parameters V E and HR to estimate EE. Furthermore, a new version of the electromagnetic-coil device was recently developed and provides the possibility to perform measurement under daily life conditions.
Of all the techniques currently in use for assessing free-living patterns of total energy expenditure (TEE) and patterns of physical activity, some of the most promising advances have been in the area of portable devices such as pedometers, electronic motion sensors, and heart-rate monitors. They fulfill many of the criteria for providing continuous, indirect, and objective measures of TEE, as well as patterns of physical activity. They are relatively inexpensive, robust, nonintrusive, simple to use, versatile in a wide variety of field settings, and well tolerated by subjects. The relative merits of these portable devices are particularly important when studying physical activities of daily life.
Pedometers measure the number of steps taken and are inadequate in evaluating upper limb activity. TEE estimations using pedometers present with significant inaccuracies (Colbert, Matthews, Havighurst, Kim, & Schoeller, 2011; Giannakidou et al., 2012) . Electronic motion sensors attempt to analyze the movements of the human body to estimate "counts" and TEE (Bouchard & Trudeau, 2008; Nilsson et al., 2008) . Unfortunately, they are unable to detect arm movements or external work done in lifting or pushing objects, which may represent a considerable component of lifestyle activity (Bassett, Ainsworth, & Swartz, 2000) . Some electronic motion sensors are able to couple biomechanical and physiological variables. For example, the Actiheart (Cambridge Neurotechnology, Papworth, UK) couples the measurement of heart rate (HR) with an accelerometer system to estimate TEE. This device appears to provide better results than the classic electronic motion sensors, but differences are still found in comparison with reference methods (Crouter, Churilla, & Bassett, 2008; Spierer, Hagins, Rundle, & Pappas, 2011) . Nevertheless, this new portable device seems to demonstrate the added value of combining several variables and potentially represents the solution to estimating TEE in free-living conditions. The measurement of HR by portable, lightweight, and noninvasive HR monitors is commonly employed as an objective method to estimate TEE (Eston, Rowlands, & Ingledew, 1998; Garet et al., 2005; Kurpad, Raj, Maruthy, & Vaz, 2006; Livingstone, Robson, & Totton, 2000; Montgomery et al., 2009) . However, HR is influenced by factors such as activity mode, emotion, posture, environmental conditions, and fitness level (Achten & Jeukendrup, 2003; Hilloskorpi, Fogelholm, & Laukkanen, 1999 ). Furthermore, a major shortcoming of the method is that HR monitoring is not a good predictor of energy expenditure (EE) at low levels of activity (Livingstone, et al., 2000; Luke, Maki, Barkey, Cooper, & McGee, 1997) . It is commonly accepted that activities of daily living (walking to work, running to catch the bus, carrying groceries, riding a bicycle to work, etc.) correspond to submaximal exercises of low to moderate intensities . Under these conditions, the HR method to evaluate EE does not fully adapt to the constraints of daily life physical activities.
In this study we intended to explore pulmonary ventilation (V E ) to estimate EE. Indeed, some studies suggest that V E could be an index of EE (Consolazio et al., 1971; Durnin & Edwards, 1955; Ford & Hellerstein, 1959; Gastinger et al., 2008; . The use of V E can also be justified by Rousselle, Blascovich, and Kelsey's (1995) study, which showed that mental stress induces an abrupt increase in cardiac performance (HR and cardiac output) before its rapid decrease, while the respiratory response (V E and VO 2 ) remains stable. Other studies confirm these results and also show that physical exercise leads to concomitant increases in cardiovascular and respiratory performance (Myrtek & Spital, 1986; Turner & Carroll, 1985) . We developed a four-electromagneticcoil system able to measure the distance variations at the rib cage and abdomen, allowing for estimation of V E (Gastinger, Sefati, et al., 2010) and EE (Gastinger et al., 2011) . This device is light (298 g), portable (2 × 10.5 × 12.5 cm), noninvasive (preserving freedom of movement), and well tolerated by subjects (Figure 1 ). Thus, our hypothesis is as follows. The variable of V E as the variable of HR can be used to estimate EE during different intensities of exercise. The purpose of this study was to compare EE estimated by the electromagnetic-coil system and an HR monitor, during light to moderate activities (sitting and standing at rest and walking at 4, 5, and 6 km/hr). EEs estimated by the two portable devices were compared against a reference measurement performed by indirect calorimetry.
Materials and Methods

Subjects
Eleven healthy men, age 27.6 ± 5.4 years, voluntarily took part in the study (height 179.1 ± 5.7 cm, weight 73.7 ± 9.7 kg, fat mass 14.2 ± 4.02%, body-mass index 22.9 ± 1.8 kg/m 2 ), which was conducted according to the guidelines laid down in the Declaration of Helsinki (1964) . All formalities and procedures that involve the participation of human subjects were approved by the local ethics committee of Rennes University, France. The subjects were informed of all procedures in writing, and written consent was obtained from each. None of the subjects reported suffering from respiratory or cardiac disease, hypertension, or other chronic disease.
Experimental Protocol
The experimental protocol is illustrated in Figure 2 . The study required that each subject take part in two tests with an interval of 24 hr between. The tests were conducted under controlled laboratory conditions. The participants were instructed to refrain from physical activity, medicine, alcohol, and tobacco for 24 hr before each testing and avoid eating within 2 hr beforehand. They were asked to arrive at the laboratory 30 min before the beginning of the measurements. Test 1. The subjects participated in five successive activities with intervals of 10 min of rest in a sitting position between them. Each subject carried out these five activities in the same order, and each activity was maintained during 5 min to ensure a steady state of oxygen uptake (VO 2 ). To confirm the steady state of VO 2 we verified that during the last minute of exercise VO 2 varied in the range of ±0.15 L/min (Taylor, Buskirk, & Henschel, 1955) . The first activity to be performed was resting in a sitting position. A reference position was maintained by all subjects: back straight, hands on knees, and heels on the ground. The second activity was resting in a standing position. The reference position applied here was with the back straight, arms along the body, and legs shoulder width apart. The three other activities involved walking on a treadmill at 4, 5, and 6 km/hr. The subjects were instructed to walk in a natural way.
Test 2. Test 2 was composed of a variety of physical activities of various intensities. These exercises comprised body posture (sitting and standing) and ambulatory activities (walking at 4, 5, and 6 km/hr). The subjects carried out these activities in random order, and each activity was preceded with a 3-min warm-up period followed by 5 min of recording and finally by 10 min at rest in a sitting position.
Measurements
Gas-Exchange and Heart-Rate Measurements. Breathby-breath measurements of gas exchange were made using an indirect calorimetry (IC) system, the MetaLyser 3B-R2 (Cortex Biophysic, Leipzig, Germany). Expiratory airflow was measured with a volume transducer (Triple V turbine, digital) connected to an O 2 analyzer. Expired gases were analyzed for oxygen (O 2 ) with electrochemical cells and for carbon dioxide (CO 2 ) output with the infrared analyzer. Before each test, the MetaLyser 3B-R2 was calibrated according to the manufacturer's guidelines. After a 60-min warm-up period, the CO 2 and O 2 analyzers were calibrated against room air and a reference gas of known composition (5% CO 2 , 15% O 2 , and 80% N). The volume is calibrated by five inspiratory and exploratory strokes with a 3-L pump. VO 2 and ventilation (V E IC ) were measured and displayed continuously on the computer screen. The HR monitor (Polar T-31, Figure 1 ) was also continuously monitored both at rest and during activity. All data (VO 2 , VE IC , and HR) were calculated for each breath, and the sampled data were transferred breath by breath to a personal computer for real-time display. The recorded data were saved in a MetaSoft database (Cortex Biophysic) for a precise performance analysis after the test.
Anthropometric Data. Height and body weight were assessed by standard anthropometric methods. Fat mass was estimated by the skin-folds method (Harpenden Skinfold caliper, Baty Int'l., Burgess Hill, England).
Noninvasive Method to Estimate V E and EE. The new device (Nomics-WSL2, Liege Science Park, Belgium; Figure 1 ) and the methods to estimate V E and EE are detailed in other reports (Gastinger, Sefati, et al., 2010; Gastinger et al., 2011) . It is made up of two pairs of electromagnetic coils securely connected to a case. One pair of coils is composed of a transmitter and a receiver (diameter 0.5 cm, length 2.5 cm), and the case (2 × 10.5 × 12.5 cm) is powered by two AA batteries of 2,500 mAh carried at the hip via an elastic strap. The entire device weighs 298 g (batteries included) and has a recording capacity of over 20 hr. The apparatus communicates with the computer via radio-wave frequencies at 2.4 GHz, and the transmission range of the apparatus is approximately 30 m. The anteroposterior displacement of the rib cage and abdomen and the axial displacements of the chest wall and the spine were measured using the electromagnetic-coil system. This configuration is necessary to estimate a subject's V E . Individual equations (EE = f [V E ]) and a group equation were developed to estimate EE from V E (Table 1) .
Data Analysis
Test 1: Calibration. Oxygen uptake (VO 2 IC-Cal ), ventilation (V E IC-Cal ), and respiratory-exchange ratio (RER Cal ) measured by indirect calorimetry; the ventilation data estimated by the electromagnetic-coil system (V E MAGCal ); and heart rate measured by the HR monitor (HR PolarCal ) were averaged over the final minute of each activity (sitting, standing, and walking at 4, 5, and 6 km/hr).
The relationship between V E MAG-Cal and EE IC-Cal for each subject was established (Figure 2 ). The equation EE IC-Cal = f (V E MAG-Cal ) of the linear regression and the coefficients of determination (r 2 ) were calculated (Table  1 ). Individual equations were established for each of the 11 subjects, and a group equation was established from the overall data set ( Table 1) .
The relationship between HR Polar-Cal and EE IC-Cal for each subject was established ( Figure 2 ). The equation EE IC-Cal = f(HR Polar-Cal ) of the linear regression and the coefficients of determination (r 2 ) were calculated (Table  1 ). Individual equations were established for each of the 11 subjects, and a group equation was established from the overall data set (Table 1) .
EE IC-cal was obtained by multiplying VO 2 IC-Cal by the energy equivalent of oxygen, which was obtained by the RER table proposed by Péronnet and Massicotte (1991) . EE IC-Cal was expressed as kcal/min. 
Results
Test 1
The individual equations EE IC-Cal = f(V E MAG-Cal ) and EE IC-Cal = f(HR Polar-Cal ) are presented in Table 1 . The equation EE IC-Cal = f(V E MAG-Cal ) was characterized for all subjects by coefficients of determination r 2 = .99, except for Subject 11, for whom the coefficient was r 2 = .98. The group equation was characterized by a coefficient of determination r 2 = .97. The coefficients of determination of the equation EE IC-Cal = f(HR Polar-Cal ) were .53 < r 2 < .99. The group equation was characterized by a coefficient of determination r 2 = .53. Note. Physical activity included sitting at rest, standing at rest, and walking at 4, 5, and 6 km/hr. Thus, five points were used to establish the individual relationships between V and EE and between HR and EE. Fifty-five (11 subjects × 5 points) points were used to establish the group relationship between V and EE and between HR and EE. p < .001 for all equations. Note. VO 2 = oxygen consumption; V E = ventilation; RER = respiratory-exchange ratio; EE = energy expenditure; REF = reference; ind = individual equation; grp = group equation; HR = heart rate. Figure 3 shows the mean EE values measured by indirect calorimetry (EE REF mean ), considered the reference measurement. The figure also shows the mean EE estimated by the electromagnetic-coil system through the application of the individual equations (EE MAG-ind mean ) or the group equation (EE MAG-grp mean ). Finally, the figure shows the mean EE estimated by the HR monitor through the application of the individual equations (EE HR-ind mean ) or the group equation (EE HR-grp mean ).
Test 2
Comparison of Indirect Calorimetry and the Electromagnetic-Coil System
The two-factor repeated-measures ANOVA showed that there is no significant difference between EE Table 3 .
Comparison of Indirect Calorimetry and the HR Monitor
The two-factor repeated-measures ANOVA showed that there is no significant difference between EE REF mean and EE HR-ind mean in sitting at rest and walking at 4, 5, and 6 km/hr. There was a significant difference between EE REF mean and EE HR-ind mean in standing at rest (p < .001).
Figure 3 -Energy expenditure measured by indirect calorimetry and estimated by the two pairs of electromagnetic coils and the heart-rate monitor. NS = No significant difference. *Significant difference, p < .05. ***Significant difference, p < .001. Sitting at rest 11.7 ± 6.9
9.3 ± 6. Figure 3 ). Table 3 and Table 4 Table 4 . Figure 4 shows the individual differences in EE between the electromagnetic-coil system and indirect calorimetry ( Figure 4A and 4B) and between the HR monitor and indirect calorimetry ( Figures 4C and 4D) for the sitting and standing activities at rest and the walking exercises at 4, 5, and 6 km/hr.
Electromagnetic-Coil System
Individual differences (EE MAG-ind -EE REF ) in EE, calculated with the individual equations, ranged from +0.74 to -0.63 kcal/min for the at-rest activities (sitting and standing) and from +1.70 to -1.35 kcal/min for the structured walking activities (4, 5, and 6 km/hr; Figure 4A ). Individual differences (EE MAG-grp -EE REF ) in EE, calculated with the group equation, ranged from +0.60 to -0.54 kcal/ min for the at-rest activities and from +1.48 to -1.43 kcal/ min for the structured walking activities ( Figure 4B ).
HR Monitor
Individual differences (EE HR-ind -EE REF ) in EE, calculated with the individual equations, ranged from +2.85 to -1.12 kcal/min for the at-rest activities and from +2.27 to -2.81 kcal/min for the structured walking activities ( Figure 4C ). Individual differences (EE HR-grp -EE REF ) in EE, calculated with the group equation, ranged from +4.19 to -1.02 kcal/min for the at-rest activities and from +1.86 to -3.02 kcal/min for the structured walking activities ( Figure 4D ).
Pooled Data
With regard to pooled data (sitting and standing at rest and walking exercise) the coefficients of determination were calculated. EE REF 
Discussion
The purpose of this study was to compare two portable devices (electromagnetic-coil system and HR monitor), to estimate EE at rest and during light to moderate activities to test the hypothesis that V E could be as accurate as HR to estimate EE. The reference EE was measured from indirect calorimetry. This study, which was conducted exclusively under controlled laboratory conditions, is the second of its kind to test a system based on the electromagnetic-coil system with the objective of estimating EE. It is also the first to compare two portable devices able to evaluate two different physiological variables with the objective of estimating EE. The results showed no significant difference between the values of EE REF and EE MAG-ind or between the values of EE REF and EE MAG-grp (Figure 3) . However, the results showed several significant differences between EE REF and EE HR-ind (standing position at rest) and between EE REF and EE HR-grp (standing position at rest, walking at 5 and 6 km/hr). This was the overall result found for all activities carried out in Test 2. These results showed that the electromagnetic-coil system seems to be more accurate than the HR monitor to estimate EE at rest and during exercise. The HR monitor has the advantage of being portable, noninvasive, and easy to use. However, HR may be subject to variations that induce inaccuracies in estimating EE (Achten & Jeukendrup, 2003) . The electromagnetic-coil system, composed of a central case worn at the hip and four magnetometers attached to the body surface, provides other benefits. In fact, this reliable system presents very few constraints and is very user friendly due to its small weight and size and its capacity for transmitting radiowave measurements (as far as 30 m). With this system it will now be possible to estimate daily EE even in a house or an apartment. An optimization of the device is planned to enable its use during activities of daily living by reducing the size of the central case and integrating the sensors into a jacket or a T-shirt. This study's intent was to compare a variable rarely studied in the literature (V E ) in estimating EE (Consolazio et al., 1971; Durnin & Edwards, 1955; Ford & Hellerstein, 1959) with one that has been largely studied (HR) and adapted to estimate EE (Achten & Jeukendrup, 2003; Eston et al., 1998; Garet et al., 2005; Kurpad et al., 2006; Livingstone et al., 2000; Montgomery et al., 2009) . Indeed, HR is a parameter directly related to oxygen consumption, VO 2 = (HR × V es ) × (C A O 2 -C V O 2 ), where V es represents the volume of systolic ejection (ml/ min), C A O 2 is the amount of oxygen carried by arterial blood (ml/100 ml), and C V O 2 is the amount of oxygen carried by venous blood (ml/100 ml). However, V E is also a parameter directly related to oxygen consumption-VO 2 = V E × (F I O 2 -F E O 2 ), where F I O 2 represents the fractional concentration of O 2 in inspired air and F E O 2 is the fractional concentration of O 2 in expired air-and thus indirectly with EE (Consolazio et al., 1971; Durnin & Edwards, 1955; Ford & Hellerstein, 1959; . Sitting at rest Nevertheless, we know that V E is not under the control of VO 2 but subject to other physiological parameters (partial blood pressure of carbon dioxide [P a CO 2 ], carbon dioxide output [VCO 2 ]. We note that V E is the sum of two quantities of different physiological meanings, V E = V A + V D , where V A and V D are the alveolar and the dead-space ventilation, respectively. In this equation, V A is the fraction of ventilation that contributes to the exchange of oxygen and carbon dioxide, V A = 863 × VCO 2 /P a CO 2 (Rahn & Fenn, 1955) , and from this equation it is clear that both the metabolic level and value of P a CO 2 affect V A and therefore V E . Likewise, there are other mechanisms of ventilatory control. For example, since the initial hypothesis of Zuntz and Geppert (1886) , it has been accepted that the activation of neural afferents originating from contracting muscles may elicit an increase in V E during exercise. Similarly, we know that HR is not under the influence of VO 2 . HR is normally determined by the pacemaker activity of the sinoatrial (SA) node located in the posterior wall of the right atrium. HR is principally decreased by the activation of the vagus nerve innervating the SA node. The increase of HR is influenced by a withdrawal of vagal tone and an activation of sympathetic nerves innervating the SA node (Hayano et al., 1991) . HR is also modified by circulating catecholamine (adrenalin and noradrenalin), changes in circulating thyroxin (thyrotoxicosis causes tachycardia), and changes in core body temperature (hyperthermia increases HR; Breuer et al., 1993) . Thus, from these findings we observe that HR is not controlled by variations in VO 2 . However, numerous studies have used HR to estimate EE (Achten & Jeukendrup, 2003; Eston et al., 1998; Garet et al., 2005; Goldsmith, Miller, Mumford, & Stock, 1967; Hilloskorpi et al., 1999; Kurpad et al., 2006; Livingstone et al., 2000; Luke et al., 1997; Montgomery et al., 2009 ). In the current study, we realize exactly the same approach as for HR. Indeed, we know that V E is not controlled by VO 2 , but the relationship between V E and VO 2 described in the literature (Consolazio et al., 1971; Durnin & Edwards, 1955; Ford & Hellerstein, 1959; encourages us to use it to estimate EE during physical activities of different intensities. Furthermore, in our investigation, the amount of V E studied is less than 50 L/min and corresponds to light and moderate exercise, where the VO 2 of any one individual is directly proportional to his or her V E (Durnin & Edwards, 1955) .
Regarding the results for EE at rest, several points can be interpreted. The results in the sitting position showed that the electromagnetic-coil system and the HR monitor were able to accurately estimate EE (Figure 3) . On the other hand, for the standing position at rest the values of EE estimated by the HR monitor differ significantly from the reference measurement achieved by the indirect calorimetry system. No significant difference was observed with the electromagnetic-coil system. These differences were observed with both individual (EE HR-ind ) and group (EE HR-grp ) relationships. Thus, EE seems to be overestimated in the standing position at rest if measured by HR. This overestimation was confirmed by the calculation of individual differences in EE between the electromagnetic-coil system and indirect calorimetry ( Figure 4C and 4D ). This variation of EE in the standing position can be explained by an increase in HR, which can be explained by the decrease of the stroke volume in standing compared with the sitting position (Frey, Tomaselli, & Hoffler, 1994) . Indeed, to maintain a constant cardiac output, HR should slightly increase to compensate for the diminution of stroke volume and less effective venous return in the standing position (Parker & Thadani, 1979) . The overestimation of EE in standing could lead to an overestimation of the total daily EE, because the standing position occupies a relatively substantial part of the free-living condition (Levine, 2004) .
Regarding the results of EE in exercise conditions, the electromagnetic-coil system presented no significant difference compared with the reference system by indirect calorimetry (Figure 3) . However, regarding the results of EE obtained by the HR monitor, significant differences appeared for the walking exercise at 5 and 6 km/hr. Figure  4 showed an underestimation of EE from the application of the group equation. These differences appear when the group equation was used to estimate EE. When the individual equations were applied, no significant difference was found between EE REF and EE HR-ind . The use of a group equation to estimate EE starting from HR measurement seems inappropriate, particularly in an application in a large population in free-living conditions. Conversely, the use of a group equation to estimate EE from ventilation appears to be feasible in view of the results presented in Figures 3 and 4 . However, we are aware that the design of our study is not fully adapted to test a group algorithm. Indeed, the group tested in the study is the same group used to generate the algorithm. Ideally, it would have been necessary to create the group algorithm with one group, and then test the algorithm on a second group of subjects.
Regarding the V E , we can observe that the group equation seems to provide more precise values of V E than the individual equations and demonstrates the feasibility of our method to estimate EE with the electromagnetic-coil system. This group equation will have to be tested on other subjects during future studies. Furthermore, it will be necessary to test our device in other activities such as climbing stairs, riding a bicycle, running at different speeds, playing basketball, or jumping on a trampoline, as previously explored by Arvidsson, Slinde, and Hulthen (2009) . Indeed, activities of daily living correspond to short periods with metabolicrate increases during which the steady state of oxygen consumption is not necessary observed (Levine, 2004) . Furthermore, once the electromagnetic-coil system has been tested on different standardized activities, it will be necessary to integrate the system into a shirt or vest to make it possible to process measurements under daily life conditions. The data would be recorded directly onto an integrated hard disk, to make it possible to follow subjects over a period of 24 hr. These future studies should enable us to test the reproducibility of this method of EE assessment. Studies on clothing capable of measuring physiological variables have already been done, but none are capable, yet, of estimating EE (LifeShirt, Vivometrics; Smartshirt, Sensatex; Grossman, 2004; Park & Jayaraman, 2005) .
The most interesting result of this study is that the electromagnetic-coil system seems to be more accurate than the HR monitor to estimate EE at rest and during exercise. Indeed, the mean difference between EE REF and EE MAG-grp was lower in the sitting position at rest and during walking at 4, 5, and 6 km/hr than the mean difference between EE REF and EE MAG-ind (Table 3 ). The mean differences were 9.3-19.0% for the rest and exercise conditions. These results support the validation of our new method of estimating EE under resting conditions (sitting and standing) and during walking at 4, 5, and 6 km/hr. It should be noted that the mean differences between EE REF and EE HR-grp were very significant in the sitting and standing positions at rest (111.3 ± 86 < % differences < 40.6 ± 30.6). Nevertheless, the mean differences were smaller during walking at 4, 5, and 6 km/hr (13.2 ± 9 < % differences < 24.2 ± 10.7). These results confirm the variability of HR, especially at rest. The mean differences were much smaller during walking at 4, 5, and 6 km/hr. In fact, the variability of HR and the factor of stress that can influence HR are less important in exercise conditions when HR is high (Achten & Jeukendrup, 2003) . Many studies have already shown HR to not be a good indicator of EE for light-intensity activities (Achten & Jeukendrup, 2003; Haskell, Yee, Evans, & Irby, 1993) , and the current study shows this again.
Perspectives
Taking these results into consideration, it would be interesting to associate the variables V E and HR to estimate EE in daily life conditions. Indeed, V E could be preferentially used to estimate EE during light to moderate activities with the equation EE = f(V E ), and HR could be preferentially used to estimate EE during high-intensity activity with the equation EE = f(HR). The two variables V E and HR would become complementary to estimate EE.
A new version of the electromagnetic-coil device was recently developed. This version is lighter (80 g), smaller, and more ergonomic and incorporates the electromagnetic coils in two elastic belts worn at the chest and abdomen. Thus, the new device will make it possible to perform measurements under free-living conditions, and EE could be compared with the doubly labeled water technique or a calorimetric chamber.
This most ergonomic version of the device will enable testing different types of populations such as overweight or elderly individuals. The estimation of EE in free-living conditions makes it possible to regulate daily life physical activity with the variation of body mass in overweight subjects. On the other hand, age results in decreased compliance of the respiratory system, and thus elderly subjects have been reported to have increased breathing frequency and reduced tidal volume (Mittman, Edelman, Norris, & Shock, 1965) . It would be interesting to know whether age could be a significant independent variable in the regression equation for estimating EE.
